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Abstract.  A  deep  optical  search  of  the  “Network  Synthesis”  localization  for  the  SGR 
B1900+14  and  the  nearby  ROSAT  source  error  box  has  yielded  an  unusual  source  posi¬ 
tionally  coincident  with  an  IRAS  source.  We  present  optical  and  IR  data  describing  this 
source. 
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1.  Introduction 

Of  the  three  known  soft  gamma-ray  repeaters  (SGRs),  two  have  been  iden¬ 
tified  with  supernova  remnants:  one  in  the  Galaxy  and  one  in  the  Large 
Magellanic  Cloud  (Kulkarni  and  Frail,  1993;  Cline  et  al.,  1982).  Recently, 
the  remaining  known  member  of  the  class,  SGR  B1900+14  (Kouveliotou  et 
al.,  1993),  has  been  localized  using  the  network  synthesis  technique  (NST) 
(Hurley,  et  al.,  1994)  to  a  region  close  to  the  Galactic  radio  SNR  G42.8+0.6. 
Vashisht  et  al.  (1994)  report  that  a  ROSAT  source  lies  just  outside  of  the 
NST  localization,  and  tentatively  identify  it  with  the  SGR.  In  this  paper  we 
report  the  discovery  of  an  extremely  red  optical  and  near-IR  source  within 
the  ROSAT  error  box  and  less  than  one  arcminute  outside  the  ~  13  X  1 
arcminute  NST  error  box.  This  optical/near-IR  source  is  coincident  with  an 
IRAS  source. 


2.  Observations 

We  have  obtained  CCD  UBVI  imaging  of  the  areas  including  the  NST  and 
ROSAT  error  boxes,  using  a  Tektronics  2048x2048  thinned  CCD  camera  at 
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the  USNO  1.0-m  and  1.5-m  telescopes  in  Flagstaff.  We  have  also  made  near- 
IR  JHK  observations  using  the  SQIID  camera  at  the  KPNO  1.3-m  telescope 
and  the  USNO  IRCAM  at  the  USNO  1.55-m  telescope. 

Figure  1  shows  the  NST  and  ROSAT  error  boxes  on  a  CCD  I-band  image 
taken  at  the  1.0-m  telescope.  Figure  2a  shows  a  portion  of  another  CCD  I 
image  taken  at  the  1.5-m  telescope,  showing  the  region  centered  on  the 
ROSAT  error  circle.  Near  the  west  edge  of  this  circle  we  note  the  two  objects 
labelled  A  and  B  that  are  completely  invisible  on  a  V  image  (Figure  2b)  with 
limiting  magnitude  of  approximately  24.5  obtained  the  same  night  as  the  I 
frame  in  Figure  1.  These  objects  are  also  invisible  at  B  and  U  with  limiting 
magnitudes  of  ~  24.0  and  ~  23.0,  respectively.  The  photometric  VIJHK 
measures  of  objects  A  and  B  (accurate  to  ~  0.05  mag)  are  listed  in  Table  I. 


TABLE  I 

Summary  of  Optical/Near  IR  Photometry 


Object 

V 

I 

J 

H 

K 

A 

>24.5 

18.13 

9.31 

7.12 

6.10 

B 

>24.5 

18.30 

9.69 

7.68 

6.69 

In  Figure  3  we  show  the  II— K  vs.  J— H  near  IR  color-color  diagram  for  all 
stars  detected  on  the  JHK  frames.  The  solid  line  shows  the  locus  of  unred¬ 
dened  main-sequence  colors,  and  the  dashed  lines  enclose  the  region  pop¬ 
ulated  by  reddened  main  sequence  stars.  The  corresponding  loci  for  giants 
are  quite  similar,  and  are  not  displayed.  From  this  Figure,  it  is  clear  that 
objects  A  and  B  have  colors  consistent  with  heavily  reddened  ordinary  stars. 

Spectroscopic  observations  obtained  with  the  Hale  5-m  telescope  of 
objects  A  and  B  are  shown  in  Figure  4.  The  features  of  both  spectra  in  the 
600—900  nm  region  are  consistent  with  a  spectral  type  of  early  M,  though 
the  optical  and  near-IR  colors  indicate  again  that,  if  they  indeed  are  M  stars, 
they  are  heavily  reddened. 


3.  IRAS  Source 

The  IRAS  point-source  catalog  lists  a  source  exactly  at  the  position  of  the 
object  AB  pair  (to  within  the  errors  of  the  position),  with  12,  25,  60  and 
100  /rm  fluxes  of  3.1,  5.8,  9.2  and  38.2  Jy,  respectively. 
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Fig.  1.  Field  showing  the  NST  and  ROSAT  localizations.  The  frame  is  23  arcminutes 
across. 


4.  Discussion 


The  optical  and  IR  fluxes  for  the  pair  of  objects  described  here  are  not  con¬ 
sistent  with  an  object  of  single  characteristic  temperature.  The  visible  and 
near-IR  data  are  consistent  with  an  extremely  reddened  stellar  photosphere 
of  about  spectral  class  M3,  but  the  increasing  flux  in  the  far-IR  shows  that 
there  is  a  cooler  component  involved  as  well.  If  we  assume  that  the  underly¬ 
ing  photosphere  is  of  an  M3  dwarf,  that  the  J-H  color  is  uncontaminated  by 
whatever  is  causing  the  far  IR  excess,  and  a  normal  interstellar  reddening 
law,  the  total  extinction  in  the  visible  region  would  be  about  21  magnitudes. 
This  is  consistent  with  the  non-detection  of  the  objects  at  V. 

Kulkarni  et  al.  (1995)  have  reported  the  discovery  of  a  red  stellar  object 
very  close  to  the  center  of  the  SNR  associated  with  the  SGR  B1806-20, 
which  they  interpret  to  be  a  highly  reddened  (Ay  —  30  mags.)  supergiant 
star  of  spectral  class  earlier  than  late  G/early  K.  Though  this  object  is 
apparently  single,  the  similarity  to  the  objects  A  and  B  described  here  is 
striking. 
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Fig.  3.  H— K  vs.  J— H  near-IR  color- 

color  diagram  for  sources  near  the  Fig.  4.  Spectra  for  objects  A  (upper) 
ROSAT  position.  and  B  (lower). 
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